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(8WUDQVSRUWUHVHDUFKLQQRYDWLRQDQGGHSOR\PHQWVWUDWHJ\ZKLFKVKRXOGVXSSRUWGHYHORSPHQWDQGGHSOR\PHQWRI
WHFKQRORJLHVDQGVROXWLRQVIRUEHWWHUDQGHIIHFWLYHXVHRIWUDQVSRUWQHWZRUNVDQGVDIHUDQGPRUHVHFXUHRSHUDWLRQV
WKURXJKLQIRUPDWLRQDQGFRPPXQLFDWLRQVV\VWHPV:KLWH3DSHU7KHVHVROXWLRQVVKRXOGEH6HFXUH6WDWLRQ«

x LQQRYDWLYH
x WRLPSURYHWKHVHFXULW\OHYHO±TXDQWLILDEOHWRLPSURYHULVNDVVHVVPHQWRUPDQDJHPHQWFDSDELOLW\WRLPSURYH
WKHVHFXULW\OHYHOLQDQ\DVSHFWV
x WREHUHXVDEOHZKLFKUHIHUVWRWKHDGDSWDELOLW\RIWKHFDSDFLW\WRGLIIHUHQWHQYLURQPHQWVWKDQWKDWIRUZKLFKLW
ZDVGHVLJQHGZLWKVOLJKWRUQRPRGLILFDWLRQIDFLOLW\WRXVHQHZWHFKQRORJLHVLQGLIIHUHQWVLWXDWLRQVFRPPRQ
ODQJXDJHIRUDOOWKHVWDNHKROGHUVLQYROYHGPRGXODULW\LQWHURSHUDELOLW\VWDQGDUGL]DWLRQ
x DSSOLFDEOH WR UHDO HQYLURQPHQW ZKLFK LQFOXGHG PLQLPXP FRVW VFDODELOLW\ UHOLDELOLW\ DYDLODELOLW\
PDLQWDLQDELOLW\VDIHW\
%\GHILQLWLRQDFRDFKWHUPLQDOLVDOLQHDUFRQVWUXFWLRQFRQVLVWLQJRIVSHFLILFEXLOGLQJVSODWIRUPVDQGDWHUULWRU\
IRU WKH UHQGHULQJ RI VHUYLFHV WR SDVVHQJHUV DQG FRDFKHV GXULQJ WKH URXWHV 5RGULJXH HW DO  7R HQVXUH DQ
HIIHFWLYHRSHUDWLRQRIVXFKDOLQHDUFRQVWUXFWLRQWREHDEOHWRUHQGHUKLJKTXDOLW\VHUYLFHVERWKWRSDVVHQJHUVDQGWR
KDXOHUV LQ FRQIRUPLW\ ZLWK WKHLU QHHGV WKH IXQFWLRQV DQG RSHUDWLRQDO DFWLYLWLHV RI D FRDFK WHUPLQDO KDYH WR EH
HYDOXDWHGDWDODUJHUVFDOH*URPXOH<DWVNLY,QFRQWH[WRIDFFHVVLELOLW\XVHUVUHTXLUHWKDWSDVVHQJHUWHUPLQDO
WREHDFFHVVLEOHDVSRVVLEOHDQGFRXOGLQFOXGHDOOQHFHVVDU\LQFRQWH[WRIVSDFHDQGHTXLSPHQWIRUIUHHDQGVDIHW\
PRYHPHQW 2Q WKH VWDJH RI VSDFH SODQQLQJ XVXDOO\ GHILQH WKH VL]H W\SH QXPEHU DQG IXQFWLRQDO UHODWLRQVKLS RI
IDFLOLWLHVQHHGHG IRUSDVVHQJHU WHUPLQDOV DQG LQFOXGH WKHLU VHFXULW\ UHTXLUHPHQWV%HFDXVHRI WKH FRQFHQWUDWLRQRI
YHKLFOHV DQGSDVVHQJHUV¶ DFFXPXODWLRQ WKH SUREOHPRI LQFUHDVLQJ WKH OHYHO RI VDIHW\ DQG VHFXULW\ EHFRPHVPRUH
VLJQLILFDQW3DVVHQJHUWHUPLQDOVPD\DSSHDUFRQJHVWHGDWFHUWDLQSLFNKRXUVEXWWKHIORZVRISHRSOHFDQEHPDQDJHG
VXFFHVVIXOO\ ZLWK JRRG GHVLJQ RI SODWIRUPV DFFHVV SRLQWV DQG ZLWK DSSURSULDWH VFKHGXOLQJ RI DUULYDOV DQG
GHSDUWXUHV$VDUHVXOWWKDWWKHDPRXQWRIWLPHSDVVHQJHUVVSHQGLQVXFKWHUPLQDOVWHQGVWREHEULHIWHUPLQDOVWHQGWR
EHPDGHXSRIVLPSOHFRPSRQHQWVIURPWLFNHWRIILFHVDQGZDLWLQJDUHDVWROLPLWHGDPRXQWVRIUHWDLOLQJ5RGULJXHHW
DO
7KHDUWLFOHLVIRFXVHGRQWKHSUREOHPRIDFFHVVLELOLW\DQGVDIHW\DQDO\VLVLQWHUPLQDODQGSUHVHQWVDFRQFHSWLRQRI
GHFLVLRQ VXSSRUW WRRO IRU UHFRJQLWLRQRI WKH FULWLFDO VLWXDWLRQVZLWK WKHVH DVSHFWV RQ WKH WUDQVSRUW WHUPLQDO RQ WKH
VLPXODWLRQ PRGHOOLQJ RI 5LJD ,QWHUQDWLRQDO &RDFK 7HUPLQDO 5,&7 5,&7 LV D OHDGHU LQ WKH DUHD RI EXV
WUDQVSRUWDWLRQ VHUYLFHV LQ/DWYLD DQG VHFXULW\ DQG VDIHW\ LQSDVVHQJHU WHUPLQDO LV FRUH FRQGLWLRQ IRU WKH FXVWRPHU
VDWLVIDFWLRQ WRZDUGVD VHUYLFH7KH5,&7PDQDJHPHQW LV FRQVLGHULQJHQFRXUDJLQJXVHRI WKH WHUPLQDO FDSDFLW\ LQ
RUGHUWRLPSURYHWKHUHWXUQVRQLWVLQYHVWPHQWV$6Ä5ƯJDV6WDUSWDXWLVNƗ«
$FFRUGLQJWR'DYLG'DYLGDEXVWHUPLQDOLVDQDUHDDZD\IURPWKHJHQHUDOIORZRIURDGYHKLFOHVZKLFK
HQDEOHVEXVHVDQGFRDFKHVWRGURSDQGSLFNXSSDVVHQJHUVLQFRPIRUWDQGVDIHW\0RUHRYHUDVPHQWLRQHGLQ)DXONV
WKHPRVWLPSRUWDQWGHWHUPLQDQWRIXVHUVDWLVIDFWLRQZLWKDWUDQVLWVWDWLRQLVUHOLDEOHVHUYLFHLQDQHQYLURQPHQW
RI SHUVRQDO VHFXULW\ DQG RQO\ LQGLUHFWO\ WKH SK\VLFDO FKDUDFWHULVWLFV RI VWDWLRQ 0H\HU 0H\HU QRWHV WKDW
DSSURSULDWH VSDWLDO DUUDQJHPHQW DQG ]RQLQJ RI WKH YDULRXV VHJPHQWV RI D EXV DQG FRDFK WHUPLQDO LV RI XWWHUPRVW
LPSRUWDQFH DV WKH EULQJ DERXW IUHH IORZLQJ WUDIILFZLWKLQ WKH WHUPLQDO 7KHUH DUH VWXGLHV SUHVHQWLQJ HYLGHQFH IRU
XVLQJ LQ GHFLVLRQPDNLQJ SURFHVV VSHFLDO DQDO\WLFDO WRROV LQFOXGLQJ VLPXODWLRQ PRGHOOLQJ 7KLV LV VKRZQ IRU
LQVWDQFHLQ+DQLVFKHWDOZKHUHWKHXVHRIRQOLQHVLPXODWLRQRISHGHVWULDQIORZLQSXEOLFEXLOGLQJVJLYHWKH
SRVVLELOLW\WRLPSURYHWKHDVSHFWVRIVDIHW\DQGVKRUWWHUPSODQQLQJLQWKHSKDVHRIRUJDQL]LQJDQGRSHUDWLQJODUJH
SXEOLFEXLOGLQJV7KHVHPLJKWEHSODFHVVXFKDVD WUDLQVWDWLRQDQDLUSRUWEXVDQGFRDFK WHUPLQDOHWF0RUHRYHU
SXEOLFHQJDJHPHQWFDQEHFRQVLGHUHGDVWKHSURFHVVRIDFKLHYLQJDWUDQVSDUHQWGHFLVLRQPDNLQJSURFHVVZLWKJUHDWHU
LQSXW IURP VWDNHKROGHUV DQG WKHLU VXSSRUW RI WKHGHFLVLRQV WKDW DUH WDNHQ &DVFHWWD 3DJOLDUD $QG IRU WKLV
VRPHRI WKHDQDO\WLFDO DQGYLVXDOLVDWLRQ WRROV FDQEHXVHG IRU WKHYDULRXV OHYHOVRIGHFLVLRQPDNLQJ7KHDXWKRUV
GHVFULEH WKH UROH RI WKHVH WRROV LQ SODQQLQJ DQGGHVLJQLQJ WUDQVSRUWDWLRQ V\VWHPV GHVFULELQJ LWV LQWHUDFWLRQVZLWK
RWKHUPRUHIRUPDOSKDVHVRIGHFLVLRQPDNLQJZLWKWKHH[DPSOHRIWKH5HJLRQDO0HWUR6\VWHPSURMHFWRI&DPSDQLD
UHJLRQLQ,WDO\
7KH5,&7PDQDJHPHQW KDV WKH VWUDWHJLF SURMHFW IRU VLJQLILFDQW LPSURYHPHQW RI VHUYLFH TXDOLW\ LQ5,&77KLV
SURMHFWWDNHVLQWRFRQVLGHUDWLRQWKHH[LVWLQJGHVLJQRISDVVHQJHUWHUPLQDODQGWKH³WHPSRUDU\´GHVLJQVIRUWKHSHULRG
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RILWVUHFRQVWUXFWLRQ7KHPDLQHVVHQFHRI³WHPSRUDU\´GHVLJQLQSURFHVVRIUHFRQVWUXFWLRQLVWRSURYLGHDWHUPLQDO
ZKLFKZRXOGHQVXUH WKH VDIHW\DQGFRPIRUWRISDVVHQJHUVEHIRUHDQGDIWHU MRXUQH\V7KHYHKLFOHVDQGSDVVHQJHUV
PRYHPHQWVLPXODWLRQKDYHEHHQDSSOLHGDQGXVHG WRVXJJHVWPRGLILFDWLRQV WR5,&7LQSURFHVV LWV UHFRQVWUXFWLRQ
7KHREMHFWLYH RI WKLV UHVHDUFK LV WR KLJKOLJKW WKH UROH RI VLPXODWLRQPRGHOOLQJ DW WKH VWDJH RI SDVVHQJHU WHUPLQDO
UHFRQVWUXFWLRQDQGVKRZLWRQDSDUWLFXODU WHUPLQDOZKLFKLV ORFDWHGLQ WKHFHQWUHRI WKH/DWYLDQFDSLWDODQGLV WKH
HVVHQFHQRGHRI5LJDWUDQVSRUWQHWZRUN
$OWKRXJKDQXPEHURIYDULRXVSURIHVVLRQDO VLPXODWLRQ VROXWLRQV VSHFLDOL]LQJ LQSDVVHQJHU IORZ VLPXODWLRQV LQ
UDLOPHWURDQGEXVVWDWLRQVH[LVW)RU LQVWDQFH6LP:DON7UDQVSRUW KWWSZZZVLPZDONFRPVLPZDONBWUDQVSRUW
LQGH[KWPODOORZVPRGHOOLQJUHDOLVWLFDOO\SDVVHQJHUIORZVERDUGLQJDQGDOLJKWLQJGLIIHUHQWUROOLQJVWRFNYDU\LQJ
WLPH VFKHGXOHV WUDLQ VZLWFKLQJ DQGPXFKPRUH8QIRUWXQDWHO\ DOO RI WKHPDUH YHU\ H[SHQVLYH DQGPDQ\SULYDWH
FRPSDQLHV FDQ¶W XVH WKHP IRU GHFLVLRQPDNLQJ SURFHVV )URP WKH YLHZSRLQW RI SUDFWLFDO DSSOLFDWLRQV IOH[LELOLW\
DELOLW\ WR FRPELQH WKH GLIIHUHQW DSSURDFKHV RI VLPXODWLRQ WKH $Q\/RJLF  VRIWZDUH $Q\ORJLFFRP  ZDV
VHOHFWHGDVWKHPRGHOGHYHORSPHQWWRRO
7KHSDSHUZLOOSUHVHQWWKHPHWKRGRORJ\RIWKHSUREOHPGHFLVLRQEDVHGRQVLPXODWLRQPRGHOOLQJ,QRUGHUWRVROYH
WKHZHDNQHVVRI WKHH[LVWLQJSURMHFWVRI WHUPLQDO³WHPSRUDU\´GHVLJQVVLPXODWLRQXVHGµGLVFUHWHHYHQW¶DQGµDJHQW
VLPXODWLRQ¶SDUDGLJPVZLOOEHSUHVHQWHGDQGWHVWHGRQWKHEDVHRIHPSLULFDOGDWDRI5,&7,WZLOOEHVKRZQWKDWWKLV
DSSURDFKKDVSRWHQWLDOWRVHUYHDVDVXLWDEOHLQVWUXPHQWIRUPDQDJLQJWKHGHYHORSPHQWRIWKHWHUPLQDODWDVWUDWHJLF
OHYHOWDNLQJLQWRDFFRXQWILUVWVHFXULW\DQGVDIHW\DVSHFWVRIWKHTXDOLW\RIVHUYLFHV
0HWKRGRORJ\
6ROYLQJWKHWDVNVRIPDQDJHPHQW LQFRPSOH[V\VWHPVWRGD\OLHV LQ WKHVSKHUHRIGHVLJQLQJRIGHFLVLRQVXSSRUW
V\VWHP'66DQG WKHPDLQGHFLVLRQ LVSDLG WR WKHSURFHVVQRW WR WKH UHVXOWRI WKHGHFLVLRQRU WKHHVVHQFHRI WKH
SUREOHP'HFLVLRQPDNLQJ LV D FRQVFLRXV FKRLFH EHWZHHQ WKH H[LVWLQJ YDULDQWV RU DOWHUQDWLYHV RI WKH GLUHFWLRQ RI
DFWLRQVZKLFKUHGXFHWKHEUHDNEHWZHHQWKHSUHVHQWDQGWKHIXWXUHGHVLUHGVWDWHRIWKHREMHFWRIPDQDJHPHQW7KXV
WKHJLYHQSURFHVVLQFOXGHVDJUHDWQXPEHURIGLIIHUHQWHOHPHQWVEXWLWDOZD\VKDVVXFKHOHPHQWVDVSUREOHPJRDOV
DOWHUQDWLYHVDQGGHFLVLRQV±WKHFKRLFHRIDQDOWHUQDWLYH)LJXUHSUHVHQWVWKHVWDJHVRIWKHSURFHVVRIWKHGHFLVLRQ
PDNLQJ VXSSRUW WKH WDVN RI PRQLWRULQJ RI WKH TXDOLW\ RI WKH WHUPLQDO VHUYLFHV ZKLFK DLP LV LPSURYLQJ WKH
PDQDJHDELOLW\RIWKHSDVVHQJHUWHUPLQDO


)LJ6WDJHVRIGHFLVLRQPDNLQJSURFHVV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$WWKHUHVHDUFKSKDVHWKHUHZDVPDGHWKH6:27DQDO\VLVRIWKHH[LVWLQJWHUPLQDOIXQFWLRQLQJ7KHUHKDYHEHHQ
GHWHUPLQHGWKHVLJQLILFDQWIDFWRUVIRUWKHGHYHORSPHQWRIDWHUPLQDO7KHUHKDYHEHHQFRQVLGHUHGWKHSRVVLELOLW\RI
WKHDGGLWLRQDOLQVWUXPHQWVIRUUHDOL]LQJDQHZV\VWHPDWLFDSSURDFKWRPRQLWRULQJRIWKHVHUYLFHTXDOLW\7KHRIIHUHG
LQVWUXPHQWVDOORZGXHLGHQWLILFDWLRQRIDSUREOHPLQWKHPDQDJHDELOLW\RIDQFRDFKWHUPLQDODQGVHWWLQJD WDVNIRU
PDNLQJGHFLVLRQVRQWKHDGDSWDWLRQRIWKHWHUPLQDOWRWKHFKDQJLQJFRQGLWLRQV
7KH GHFLVLRQ RI WKH UHFRQVWUXFWLRQ SODQQLQJ RI WKH WUDQVSRUW LQIUDVWUXFWXUH LV RQH RI WKH PRVW LPSRUWDQW
GHFLVLRQVZKLFKQHHGWKRURXJKSULRUFRQVLGHUDWLRQ2IWHQLQPDNLQJSURMHFWGHFLVLRQVWKHUHLVODFNRIVXIILFLHQF\
DQG FOHDUDQFH RI WKH WHFKQLFDOHFRQRPLF LQIRUPDWLRQ 7KHUHIRUH WKH GHFLVLRQ PDNHU ZLOO KDYH WR GHDO ZLWK
XQFHUWDLQW\DQGULVN,QWKLVFRQQHFWLRQWKHSUREOHPRIWKHGHFLVLRQPDNLQJVXSSRUWLQFKRRVLQJDSURMHFWGHFLVLRQ
RQ EXLOGLQJ QHZ DQG UHFRQVWUXFWLQJ WKH H[LVWLQJ WUDQVSRUW LQIUDVWUXFWXUH REMHFWV DFTXLUHV VSHFLDO DFWXDOLW\ DQG
UHTXLUHV LPSURYHPHQW RI WKH PHWKRGRORJ\ RI LWV GHFLVLRQ :LWK WKH DSSOLFDWLRQ RI WKH DQDO\WLFDO LQVWUXPHQWV
GHYHORSHGWRWKH5LJD,QWHUQDWLRQDO&RDFK7HUPLQDOGDWDWKHUHKDYHEHHQUHYHDOHGWKHFUXFLDOIDFWRUVIURPWKHSRLQW
RIYLHZRIWKHSURYLGHGVHUYLFHTXDOLW\HVSHFLDOO\VDIHW\DQGVHFXULW\
,QGHVLJQLQJDQGUHFRQVWUXFWLQJD&RDFK7HUPLQDOLWLVLPSRUWDQWWRWDNHLQWRDFFRXQWWKHVSDFHRIWKHWHUPLQDO
IURP WKH SRLQW RI YLHZ RI WKH QXPEHU RI WKH WULSV XQGHU VHUYLFH DQG WKH SDVVHQJHU WXUQRYHU JHQHUDO DQGPDUNHW
VHJPHQWHG±LQWHUQDWLRQDOLQWHUFLW\DQGUHJLRQDOWULSV3URYLVLRQRIWKHSRVVLELOLW\RIWKHSDVVHQJHUV¶WUDQVIHULQD
PXOWLPRGDOV\VWHPRISDVVHQJHU WUDQVSRUWDWLRQVLVDOVRLPSRUWDQW7KHUHIRUH WKHFULWHULRQRIFKRRVLQJDSDUWLFXODU
GHFLVLRQRQD³WHPSRUDU\´WHUPLQDOGHVLJQLVWKHFRPSOHWHPHHWLQJRIWUDQVSRUWDWLRQGHPDQGVLQSHDNKRXUV
)RUEXLOGLQJWKHPRGHOWKHUHKDYHEHHQXVHGWKHGDWDRIWKH5,&7IURP,QIRUPDWLRQ6\VWHP³%DOWLF/LQHV´
x EXVHV¶WLPHWDEOHGXULQJWKHGD\
x FKDUDFWHULVWLFVRIHPSOR\HGEXVHV
x VWDWLVWLFVRIWKHEXVHV¶FRQJHVWLRQHWF
DQG WKH GDWD ZKLFK SUHVHQW RQH RI WKH DOWHUQDWLYHV RI VROYLQJ WKH SUREOHP ± WKH GHVLJQ RI D QHZ WHUPLQDO ZLWK
SODWIRUPVVFKHPHVRIEXVHV¶HQWUDQFHDQGGHSDUWXUHIURPWRWKHWHUULWRU\
7KHPRGHO LV EXLOW EDVHGRQ WKH VLPXODWLRQ VRIWZDUH$Q\/RJLF DQG DOORZVPRGHOOLQJ WUDQVSRUW DQG SDVVHQJHU
IORZVDWWKHPLFUROHYHO)LJXUHVKRZVWKHGHWDLOHGVWDJHVRIPRGHOGHYHORSPHQWIRUFRDFKWHUPLQDO


)LJ7KHGHWDLOHGVWDJHVRIPRGHOGHYHORSPHQWIRUFRDFKWHUPLQDO9DLUD*URPXOH¶V
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,Q WKHSURFHVVRIPRGHOOLQJ WKHUHKDYHEHHQUHYHDOHG³WKHQDUURZSODFHV´RI WKHVXSSRVHGµWHPSRUDU\µGHVLJQ
WKHLUDQDO\VLVDQGHOLPLQDWLRQZHUHSHUIRUPHGDW WKHVWDJHRIGHVLJQLQJDQGSUHSDULQJRI WKHILQDOGHFLVLRQRQ WKH
GHVLJQRIWKHWHUPLQDOLQSURFHVVRIUHFRQVWUXFWLRQ
0RGHOGHYHORSPHQW
7DNLQJ LQWR DFFRXQW WKH UHTXLUHPHQWV VHW E\ FXVWRPHU WKH$Q\/RJLF  VRIWZDUHZDV VHOHFWHG DV WKHPRGHO
GHYHORSPHQW WRRO7KHPDLQ DGYDQWDJHVRI WKH VHOHFWHG VRIWZDUH DUH WKH IROORZLQJ IOH[LELOLW\ DELOLW\ WRJHQHUDWH
-$9$DSSOHWVDQGVWDQGDORQHDSSOLFDWLRQVDELOLW\WRGHYHORSRIK\EULGPRGHOVDVZHOO7KHQXPEHURISXEOLFDWLRQV
FRXOGEHOLVWHGKHUHDVDJRRGH[DPSOHRI$Q\/RJLFDSSOLFDWLRQIRUWUDQVSRUWKXEVVLPXODWLRQIURPWKHSRLQWRIYLHZ
RISDVVHQJHU¶VIORZV)RULQVWDQFHLQ/LHWDOWKHH[DPSOHRI$Q\/RJLFXVHIRUSDVVHQJHUIORZVLPXODWLRQRQ
XUEDQ VXEZD\VWDWLRQZDVSURYLGHG LQ =KDQJ<LPHQWLRQHGXVHRI$JHQW%DVHGDSSURDFK IRU VLPXODWLRQ
SDVVHQJHUVIORZVLQXUEDQUDLOZD\QHWZRUNWKHEXVLQHVVFDVHRIDSSOLFDWLRQRI$Q\/RJLFIRUVLPXODWLRQSDVVHQJHUV
IORZV LQ UDLOZD\ VWDWLRQ LVGHVFULEHG LQ $Q\ORJLFFRP3DVVHQJHU)ORZ6LPXODWLRQ IRU«EXVLQHVVFDVHRI
SDVVHQJHU IORZ VLPXODWLRQ LQ DLUSRUW EXLOGLQJ ZLWK XVH RI $Q\/RJLF VRIWZDUH LV SUHVHQWHG LQ $Q\ORJLFFRP
3DVVHQJHU)ORZ6LPXODWLRQDW«
7KHSRSXODULW\RIWKLVWRROLVFORVHO\OLQNHGZLWKWKHDELOLW\WRFUHDWHWKHVRFDOOHGK\EULGPRGHOVRUPL[HGPRGHOV
%RUVKFKHY+HUHXQGHUK\EULGPRGHOVLVXQGHUVWRRGWKHDELOLW\WRFRPELQHGLIIHUHQWVLPXODWLRQDSSURDFKHVLQ
RQHPRGHO7KLVIHDWXUHDOORZVWRVSHHGXSGHYHORSPHQWSURFHVVDQGLQFUHDVHYDOLGLW\RIWKHPRGHOE\XVLQJPRUH
DSSURSULDWHVLPXODWLRQDSSURDFKIRUGLIIHUHQWSDUWVRIWKHPRGHO,QWKLVFDVHWZRDSSURDFKHVZHUHPL[HGWRJHWKHU
$JHQW %DVHG VLPXODWLRQ DQG 'LVFUHWHHYHQW VLPXODWLRQ $JHQWEDVHG VLPXODWLRQ ZDV XVHG LQ IRUP RI 3HGHVWULDQ
OLEUDU\ WRVLPXODWHSDVVHQJHU¶V IORZV LQEXV WHUPLQDO$W WKHVDPH WLPH'LVFUHWHHYHQWVLPXODWLRQZDVDSSOLHG WR
VLPXODWHEXVHVDUULYDOSURFHVVWRWKHWHUPLQDOPRYHPHQWLQWHUULWRU\RIWHUPLQDOHWF,WPXVWEHQRWHGWKDWGHVSLWH
WKH IDFW WKDW$Q\/RJLF KDV5RDG7UDIILF OLEUDU\ZKLFK LV DOVR EDVHG RQ$JHQW EDVHG DSSURDFK DIWHU WHVWLQJ WKH
OLEUDU\WKHGHFLVLRQWRXVH'LVFUHWH(YHQWVLPXODWLRQZDVWDNHQDVH[LVWLQJYHUVLRQRI5RDG7UDIILFOLEUDU\KDVD
QXPEHURIGLVDGYDQWDJHVDQGOLPLWDWLRQVZKLFKPDNHVKDUGWRDSSO\LWIRUVXFKW\SHVRIWDVNVUDLVHGLQWKHIUDPHRI
WKHZRUN7KHVHGLVDGYDQWDJHVPXVWEH WDNHQ LQWRDFFRXQWGXULQJGHYHORSPHQW WUDQVSRUWPRGHOV LQ$Q\/RJLFQR
VSHFLDOWRROVWRVLPXODWHWUDIILFOLJKWQRFROOLVLRQVGHWHFWLRQDQGDYRLGLQJRQFURVVURDGVQRVSHFLDOWRROVWRGHILQH
YHKLFOHFRPSOH[EHKDYLRXUDWH[DPSOHFKRRVLQJOHVVEXV\OLQHDQGUHYHUVHPRYLQJRIWKHYHKLFOHV$Q\ORJLFFRP
2QOLQH«$WWKHVDPHWLPH$Q\/RJLFSURYLGHVIOH[LEOHHQYLURQPHQWZLWKSURJUDPPLQJFDSDELOLWLHVZKLFK
DOORZVGHILQLQJDYHU\FRPSOH[EHKDYLRXURIG\QDPLFREMHFWLQVLGHWKHV\VWHP
7KHIROORZLQJGDWDVHH7DEOHZHUHXVHGDVWKHLQSXWSDUDPHWHUVIRUWKHVLPXODWLRQPRGHDQGZHUHSURYLGHG
E\WKHFXVWRPHU
7DEOH,QSXWGDWDIRUVLPXODWLRQPRGHO
7\SHRIGDWD 'HVFULSWLRQ
%XVWHUPLQDODQGSODWIRUPGUDZLQJLQ':*
IRUPDW
7KHGDWDXVHGDVEDFNJURXQGLQVLPXODWLRQPRGHOLQRUGHUWRGHVFULEHVLPXODWHGHQYLURQPHQW
%DVHGRQGDWDZDOOVDQGUHVWULFWHGDUHDVLQWHUPLQDOZHUHGHILQHGXVLQJVWDQGDUG$Q\/RJLF
WRROV
6FKHGXOHRILQFRPLQJDQGRXWJRLQJEXVVHV
ZLWKOLQNDJHWRWKHSODWIRUP
'DWDZHUHXVHGWRGHILQHLQFRPLQJDQGRXWJRLQJWUDQVSRUWIORZLQWHUPLQDO(DFKDUULYDODQG
RXWJRLQJEXVZDVDVVLJQHGWRVSHFLILFSODWIRUP
6FKHGXOHRIWLFNHWRIILFHRSHUDWLRQDQG
VHUYLFHWLPH
7KHGDWDGHILQHVQXPEHURIRSHUDWLQJWLFNHWRIILFHVWDNLQJLQWRDFFRXQWVFKHGXOHDQGDYHUDJH
VHUYLFHWLPHRIWKHSDVVHQJHUV
3UREDELOLW\RIKDYLQJWUDYHOWLFNHWERXJKW
WKURZLQWHUQHW
7KHGDWDZHUHSURYLGHGLQWDEXODUIRUPVKRZLQJQXPEHURIVROGWLFNHWVDQGQXPEHURIVROG
WLFNHWVWKURZLQWHUQHW%DVHGRQGDWDDSUREDELOLW\RIKDYLQJWLFNHWZHUHFDOFXODWHG
1XPEHURIVLWWLQJSODFHVLQZDLWLQJKDOORI
WKHWHUPLQDO
$VWHUPLQDOKDVZDLWLQJSODFHVZKLFKDUHXVHGE\SDVVHQJHUVWKLVLVVXHZDVLQFOXGHGLQWRWKH
PRGHO
(PSLULFDOGDWDDERXWDUULYDOSURFHVVRIWKH
SDVVHQJHUVIRUWKHEXVVHVVHH)LJXUH
8VLQJSURYLGHGLQIRUPRIWDEOHVDQGLQIURPRIYLGHRILOHVIURPVHFXULW\FDPHUDVGDWDLW
ZDVSRVVLEOHWRHVWLPDWHWKHDUULYDOSURFHVVRISDVVHQJHUVWRWKHWHUPLQDO
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
)LJ3DVVHQJHUFRXQWGDWDE\PLQXWH
7KHGDWDPHQWLRQHG LQ7DEOHZHUHSURFHVVHGDQG WUDQVIRUPHG WR WKH VXLWDEOH IRUPDW IRU$Q\/RJLFVRIWZDUH
7KHPRGHOE\LWVHOIFRXOGEHVSOLWLQWKUHHORJLFDOSDUWV
x 3DVVHQJHU IORZ VLPXODWLRQ PRGHO ± WKH PRGHO GHVFULEHV WKH EHKDYLRXU RI WKH SDVVHQJHUV DUULYDO ZDLWLQJ
SODFHVPRYLQJEHWZHHQGLIIHUHQW]RQHVRIWHUPLQDOSODWIRUPDOORFDWLRQ
x 7LFNHWGHVNVLPXODWLRQPRGHO±WKHPRGHOGHILQHVRSHUDWLRQRIWKHWLFNHWGHVNEDVHGRQWKHVFKHGXOHDQGGDWD
DERXWVHUYLFHWLPH
x 7UDQVSRUWIORZEXVHVVLPXODWLRQPRGHO±WKHPRGHOUHSUHVHQWVWKHDUULYDOPRYLQJSODWIRUPDOORFDWLRQDQG
GHEDUNDWLRQSURFHVVRIWKHEXVHV
7KH SDVVHQJHUV IORZ VLPXODWLRQPRGHO LV VLPXODWHG E\PHDQV RI VWDQGDUG EORFNV RI WKH 3HGHVWULDQ OLEUDU\ RI
$Q\/RJLFVRIWZDUH7KHH[DPSOHRIWKHSDUWRIWKHPRGHOLVSUHVHQWHGRQ)LJXUH
+HUHPXVWEHPHQWLRQHGWKDWSDVVHQJHUEHKDYLRXUSURFHVVHGLVGHVFULEHGXVLQJVWDQGDUGEORFNVEXWZLWKVRPH
SDUWLFXODULWLHVDUULYDOSURFHVVRIWKHSDVVHQJHUVLVFRQWUROOHGPDQXDOO\SURJUDPPDWLFDOO\,WLVQHHGHGWROLQNWKH
DUULYDO SURFHVV RI SDVVHQJHU ZLWK D FRQFUHWH WULS %DVHG RQ HPSLULFDO GDWD LW ZDV HVWLPDWHG WKH SHUFHQWDJH RI
SDVVHQJHUVFRPLQJ±PLQXWHVEHIRUHGHSDUWXUH±EHIRUH±EHIRUH±EHIRUH±EHIRUHDQG
ILQDOO\ ±PLQXWHV EHIRUH GHSDUWXUH %DVHG RQ WLPH XQWLO GHSDUWXUH WKH IROORZLQJ EHKDYLRXU LV DVVLJQHG WR WKH
SDVVHQJHUV
x LI WLPH WLOOGHSDUWXUH LV!PLQXWHV WKHSDVVHQJHUVDUHDVVLJQHG WR WKHZDLWLQJKDOOZLWKZDLWLQJ WLPHXS WR
PLQXWHV DIWHU WKH VWRFKDVWLF PRYHPHQW RQ WKH WHUULWRU\ RI EXV VWDWLRQ EXLOGLQJ LV DVVLJQHG LQ DYHUDJH
PLQXWHV $W  PLQXWHV EHIRUH WKH GHSDUWXUH WKH SDVVHQJHUV DUH DVVLJQHG WR IROORZ WR WKH GHSDUWXUH
SODWIRUP
x LI WLPH WLOO GHSDUWXUH LV  PLQXWHV WKH VWRFKDVWLF ZDON DURXQG LV DSSOLHG DQG DV LQ SUHYLRXV FRQGLWLRQ
PLQXWHVEHIRUHGHSDUWXUHWKHSDVVHQJHUVDUHDVVLJQHGWRIROORZWRWKHGHSDUWXUHSODWIRUP
7LFNHWGHVNVLPXODWLRQPRGHOLVEDVHGRQVWDQGDUGEORFNVRIWKH$Q\/RJLFZLWKDFWLYHXVHRIVFKHGXOHREMHFWV
%DVHGRQUHDOGDWDWKHVFKHGXOHGHILQHVRSHQLQJDQGFORVLQJKRXUVIRUHDFKWLFNHWGHVN7KHWLFNHWGHVNVFRQWLQXHWR
VHUYHSDVVHQJHUVHYHQLIWKH\DUHDOUHDG\RXWRIVHUYLFHXQWLOWKHTXHXHIRUWKLVWLFNHWGHVNZLOOEHFRPHHPSW\%DVHG
RQGDWD IURPYLGHR WKHTXHXHJURZLQJGLUHFWLRQV DQG WKH IRUPZDVGHILQHG IRU HDFK WLFNHWGHVNXVLQJ VWDQGDUG
WRROVRIWKH$Q\/RJLF
7UDQVSRUW IORZ EXVVHV VLPXODWLRQPRGHO± WKHPRGHO UHSUHVHQWV WKHDUULYDOPRYLQJSODWIRUPDOORFDWLRQ DQG
GHSDUWXUHSURFHVVRIWKHEXVVHV7KHVLPXODWLRQZDVGRQHEDVHGRQ'LVFUHWH(YHQWVLPXODWLRQEHFDXVHRIWKHHDUOLHU
PHQWLRQHG5RDG7UDIILF/LEUDU\OLPLWDWLRQV7KHVWDQGDUGEORFNVRIWKH$Q\/RJLFZHUHXVHGWRVLPXODWHWKHZKROH
SURFHVV
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
)LJ3DUWRIWKHSDVVHQJHUDUULYDODQGZDLWLQJSURFHVVVLPXODWLRQ
)LJXUH UHSUHVHQWVSDUWRIEXVVHVDUULYDOSURFHVVUHSUHVHQWHG IRUHDFKDUULYDODQGGHSDUWXUHSODWIRUPDQG WKH
SDUWRI WKHPRGHOZKLFK UHSUHVHQWV WKHDOORFDWLRQRI WKHSODWIRUPSURFHVV ,W LV DVVXPHG WKDWEXVVHVDUULYHDW WKH
WHUPLQDOZLWKRXWGHOD\EXWEHFDXVHRIWKHLQWHQVLYHWUDIILFLQWKHWHUPLQDOWHUULWRU\LWFRXOGDUULYHWRWKHSODWIRUP
ZLWK WKH GHOD\ ,Q WKLV FDVH DV VRRQ DV DOO SDVVHQJHUV ORFDWHG LQ WKH SODWIRUPZLOO EH ORDGHG WR WKH YHKLFOH WKH
GHSDUWXUHKDSSHQVSURPSWO\


)LJ3DUWRIWKHDUULYDODQGSODWIRUPDOORFDWLRQSURFHVV
$FFRUGLQJWRWKHUHTXLUHPHQWVWKHPRGHOVFRQVLVWRIIRXUVFUHHQVVWDUWLQJVFUHHQPRGHO'YLVXDOLVDWLRQVFUHHQ
PRGHO'YLVXDOLVDWLRQVFUHHQDQGVFUHHQZKLFKUHSUHVHQWVVWDWLVWLFV7KHPRYHPHQWEHWZHHQVFUHHQVLVFRQWUROOHG
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E\WKHXVHUGXULQJVLPXODWLRQ7KHXVHUKDVEXLOGLQSRVVLELOLW\WRFRQWUROPRGHOH[HFXWLRQVSHHGDQGTXDOLW\RIWKH
JUDSKLFDOUHSUHVHQWDWLRQ
' PRGHO SURYLGHV DQ DQLPDWLRQ RI WKH VLPXODWHG SURFHVVHV DQG DW WKH VDPH WLPH JHQHUDWHV WKH LPDJH ZLWK
SHGHVWULDQGHQVLW\ 'PRGHO RI WKH SURFHVVHV FRXOGEHXVHG DV UHSUHVHQWDWLRQPDWHULDOV DQG ILQDOO\ VWDWLVWLFV WDE
SURYLGHVGDWDDERXWG\QDPLFVRI WKHGHQVLW\PLQLPXPPD[LPXPDQGDYHUDJHGHQVLW\IRUHDFKSODWIRUPZDLWLQJ
KDOODQGPDLQKDOOLQWKHWHUULWRU\RIWHUPLQDO

 
 
)LJ8VHUHQYLURQPHQWRIWKHPRGHOLQ/DWYLDQ
([SHULPHQWSODQQLQJUHVXOWVDQGGLVFXVVLRQ
7KHGHYHORSHGPRGHOZDV XVHG WR FKHFNSRVVLELOLW\ WR WHPSRUDU\ FORVH VRPHRI WKHSODWIRUPV EHFDXVH RI WKH
UHFRQVWUXFWLRQ LQ WHUPLQDO7KHEXV URXWHVDVVLJQHG WR WHPSRUDU\FORVHGSODWIRUPDUHDVVLJQHG WRRWKHUSODWIRUPV
7KH)LJXUHGHPRQVWUDWHVFRQGLWLRQVIRUSODQQHGH[SHULPHQWV
)ROORZLQJH[SHULPHQWVZHUHSODQQHG
7HPSRUDU\FORVHSODWIRUPZLWKQXPEHUVIURPWRSODWIRUPVDUHUHSUHVHQWHGRQ)LJXUHDQGDUHPDUNHG
E\JUHHQFLUFOH
7HPSRUDU\FORVHSODWIRUPZLWKQXPEHUVIURPWRSODWIRUPVDUHUHSUHVHQWHGRQ)LJXUHDQGDUHPDUNHGE\
JUHHQFLUFOH
7KH H[SHULPHQW ZKLFK UHSUHVHQWV FXUUHQW VWDWH EHIRUH UHFRQVWUXFWLRQ ZLOO EH FDOOHG D EDVH H[SHULPHQW 7KH
H[SHULPHQWVZLOO EHGRQHZLWK IROORZLQJFRQGLWLRQV D WKHSHDNKRXUV DUH VLPXODWHG ± EQXPEHURI
UXQVIRUHDFKH[SHULPHQW±UXQV7KHPDLQFKDUDFWHULVWLFZKLFKZLOOEHREVHUYHGGXULQJH[SHULPHQWLVDGHQVLW\
RISDVVHQJHUVRQSODWIRUPVDVWKLVGLUHFWO\LQIOXHQFHWRWKHVDIHW\RIWHUPLQDO7KHUHVXOWVZKLFKREWDLQHGEDVHGRQ
FRPSOHWHG H[SHULPHQWV ZLWKPRGHO HUD SUHVHQWHG LQ 7DEOH $VZH VHH IURP WKH 7DEOH WKHUH DUH VRPH YLVLEOH
FKDQJHVLQGHQVLW\KLJKOLJKWE\JUH\+RZHYHULQRUGHUWRWHVWVLJQLILFDQFHRIWKHGLIIHUHQFHWKHWWHVWZDVDSSOLHG
WR FKHFN KRPRJHQHLW\ EHWZHHQ EDVH H[SHULPHQWV GDWD DQG GDWD REWDLQHG GXULQJ WKH RWKHU H[SHULPHQWV 7KH
GLIIHUHQFHEHWZHHQGHQVLW\IRU3ODWIRUPEDVHYVILUVWH[SHULPHQWLVVLJQLILFDQWZLWKt ±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